
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/315776190

Sox2	is	not	required	for	melanomagenesis,
melanoma	growth	and	melanoma	metastasis	in
vivo

Article		in		Oncogene	·	April	2017

DOI:	10.1038/onc.2017.53

CITATIONS

0

READS

20

14	authors,	including:

Some	of	the	authors	of	this	publication	are	also	working	on	these	related	projects:

Sox2	and	cancer	View	project

Neuro-oncology	and	cancer	stem	cell-like	in	glioblastoma	View	project

Valeriana	Cesarini

Ospedale	Pediatrico	Bambino	Gesù

10	PUBLICATIONS			69	CITATIONS			

SEE	PROFILE

Pellegrino	Rossi

University	of	Rome	Tor	Vergata

90	PUBLICATIONS			4,077	CITATIONS			

SEE	PROFILE

Emmanuele	A.	Jannini

University	of	Rome	Tor	Vergata

301	PUBLICATIONS			7,444	CITATIONS			

SEE	PROFILE

Susanna	Dolci

University	of	Rome	Tor	Vergata

94	PUBLICATIONS			3,980	CITATIONS			

SEE	PROFILE

All	content	following	this	page	was	uploaded	by	Valeriana	Cesarini	on	04	May	2017.

The	user	has	requested	enhancement	of	the	downloaded	file.	All	in-text	references	underlined	in	blue	are	added	to	the	original	document

and	are	linked	to	publications	on	ResearchGate,	letting	you	access	and	read	them	immediately.

https://www.researchgate.net/publication/315776190_Sox2_is_not_required_for_melanomagenesis_melanoma_growth_and_melanoma_metastasis_in_vivo?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/315776190_Sox2_is_not_required_for_melanomagenesis_melanoma_growth_and_melanoma_metastasis_in_vivo?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Sox2-and-cancer?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Neuro-oncology-and-cancer-stem-cell-like-in-glioblastoma?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Valeriana_Cesarini?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Valeriana_Cesarini?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Ospedale_Pediatrico_Bambino_Gesu?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Valeriana_Cesarini?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Pellegrino_Rossi?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Pellegrino_Rossi?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Rome_Tor_Vergata?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Pellegrino_Rossi?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuele_Jannini?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuele_Jannini?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Rome_Tor_Vergata?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuele_Jannini?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Susanna_Dolci?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Susanna_Dolci?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Rome_Tor_Vergata?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Susanna_Dolci?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Valeriana_Cesarini?enrichId=rgreq-5bcfaa0aba5ae4cb2508cad7fd2638d2-XXX&enrichSource=Y292ZXJQYWdlOzMxNTc3NjE5MDtBUzo0OTA0MzA5NzU0ODM5MDRAMTQ5MzkzOTI2NDIwMw%3D%3D&el=1_x_10&_esc=publicationCoverPdf


SHORT COMMUNICATION

Sox2 is not required for melanomagenesis, melanoma growth
and melanoma metastasis in vivo
V Cesarini1,7, E Guida1,7, F Todaro1, S Di Agostino2, V Tassinari1, S Nicolis3, R Favaro3, S Caporali4, PM Lacal4, E Botti5, A Costanzo6,
P Rossi1, EA Jannini5 and S Dolci1

Melanoma is a dangerous form of skin cancer derived from the malignant transformation of melanocytes. The transcription factor
SOX2 is not expressed in melanocytes, however, it has been shown to be differentially expressed between benign nevi and
malignant melanomas and to be essential for melanoma stem cell maintenance and expansion in vitro and in xenograft models.
By using a mouse model in which BRafV600E mutation cooperates with Pten loss to induce the development of metastatic
melanoma, we investigated if Sox2 is required during the process of melanomagenesis, melanoma growth and metastasis and in
the acquisition of resistance to BRAF inhibitors (BRAFi) treatments. We found that deletion of Sox2 specifically in Pten null and
BRafV600E-expressing melanocytes did not prevent tumor formation and did not modify the temporal kinetics of melanoma
occurrence compared to Sox2 wt mice. In addition, tumor growth was similar between Sox2 wt and Sox2 deleted (del) melanomas.
By querying publicly available databases, we did not find statistically significant differences in SOX2 expression levels between
benign nevi and melanomas, and analysis on two melanoma patient cohorts confirmed that Sox2 levels did not significantly
change between primary and metastatic melanomas. Melanoma cell lines derived from both Sox2 genotypes showed a similar
sensitivity to vemurafenib treatment and the same ability to develop vemurafenib resistance in long-term cultures. Development of
vemurafenib resistance was not dependent on SOX2 expression also in human melanoma cell lines in vitro. Our findings exclude an
oncogenic function for Sox2 during melanoma development and do not support a role for this transcription factor in the
acquisition of resistance to BRAFi treatments.

Oncogene advance online publication, 3 April 2017; doi:10.1038/onc.2017.53

INTRODUCTION
Sox2 belongs to the SoxB1 subgroup of Sox transcription factors
and consists of a single exon gene mapping on mouse
chromosome 3 and encoding a 319 amino-acid protein.1 It is
expressed in the inner cell mass and extraembryonic ectoderm
and its expression becomes restricted to neuroectoderm and
primordial gem cells at gastrulation.2 Soon after, its expression
extends to the foregut, neural tube including dorsal root ganglia
and primordial germ cells.3 Gene-targeting experiments have
shown that Sox2 is required very early during embryonic
development for the transition of the inner cell mass to the
epiblast layer.2 At later stages, it plays an essential role for lineage
specification determining fate decisions within the three germ
layers and in the neuroectoderm, controlling proliferation,
morphogenesis and differentiation.4 In the mouse, Sox2 regulates
germ cell specification at 7.0 dpc germ, while in humans a similar
role is played by SOX17, another factor belonging the Sox
family.3,5 Sox2 heterozygous mutations or deletions lead to
congenital disease such as anophthalmia–esophageal–genital
syndrome in humans6 while a similar condition is generated by
Sox2 conditional deletion mice.3 SOX2 overexpression, on the
contrary, occurs in amplifications of the 3q26.3 gene locus7 within
esophageal squamous cell carcinoma, glioblastoma, oral

squamous cell carcinoma, sinonasal cancer, small cell lung cancer,
non-small cell lung cancer7–10 and this event has been correlated
to neoplastic transformation. In mouse models for squamous
carcinomas, Sox2 deletion has been shown to impair skin cancer
initiation and development,11 whereas its expression cooperates
with Lkb1 loss in lung carcinomas.12 However, it is important to
note that SOX2 does not correlate with poor prognosis or
decreased progression-free survival in all cancer types, and it
has been shown to correlate with a favorable prognosis in lung
and a subset of gastric cancers.8,13–15 To date, however, its role in
controlling melanoma growth and metastasis has not been clearly
established.
Melanoma derives from malignant transformation of melano-

cytes beginning from a benign melanocytic nevus to malignant
melanoma via dysplastic nevus.16 It accounts for only 4% of all
dermatological cancers but it remains the most lethal by far,
accounting for 80% of all skin cancer-related deaths.17 The BRAF
gene is the most common somatically mutated gene, occurring in
nearly 65% of all melanoma cases, and the most common
mutation is a missense mutation from valine to glutamic acid at
amino acid 600 (BRAFV600E) in the adenosine triphosphate-binding
region of the protein.18 Functionally, the BRAFV600E mutation
causes a 10–12-fold increase in its activity, triggering the
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hyperactivation of the mitogen-activated protein kinase signaling
cascade leading to cellular survival and proliferation. A link
between BRAFV600E and SOX2 expression has recently investigated
in colorectal cancer, suggesting that activation of mitogen-

activated protein kinase signaling pathway might induce SOX2
expression.19

SOX2 is not expressed in human and mouse melanocytes;
however, initial studies showed that SOX2 was highly expressed in
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primary melanoma (67%) and metastatic melanomas (80%)
compared to nevi (14%).20,21 Moreover, SOX2 expression was
associated to dermal invasion, which was determined by
increased tumor thickness.22 More recently, SOX2 expression has
been implicated in the regulation of self-renewal and tumor-
igenicity of melanoma-initiating cells.23

To address the role in melanoma development, we employed
the Cre-loxP strategy to delete Sox2 exon specifically in
melanocytes in a BRafV600E and Pten null melanoma mouse
model.24

Our results show that Sox2 is not essential for melanoma
development, nor for melanoma growth and metastasis. Bioinfor-
matic analysis showed that Sox2 levels were not significantly
different between benign nevi and melanomas, moreover analysis
on two melanoma patient cohorts confirmed that Sox2 levels did
not significantly change between primary and metastatic mela-
noma. We also found that Sox2 expression was not required to
acquire vemurafenib resistance both in mouse and in human
V600E BRAF-mutated cell lines. Altogether, our results suggest that
Sox2 is dispensable for melanoma development and that its
expression does not correlate to BRAF inhibitor (BRAFi) treatment
resistance.

RESULTS AND DISCUSSION
Sox2 deletion does not influence melanoma development and
metastasis formation in BRafV600E; Pten−/−; Tyr::Cre-ER mice
It has been recently shown that SOX2 knockdown affects human
melanoma xenografts, self-renewal of human melanoma spheres
and putative melanoma stem cells self-renewal in vitro.23 To assess
the role of Sox2 in a mouse melanoma model, we crossed mice
carrying Sox2 floxed alleles (Sox2loxP/loxP)25 with PtenloxP/loxP

BRafV600E Tyr::CreER (carrying a transgene in which the expression
of Cre recombinase fused to the tamoxifen-binding domain
is driven by the tyrosinase promoter26) mice.24 This model
harbors the BRafV600E mutation and Pten deletion upon

4-hydroxytamoxifen (4-HT) treatment by local cutaneous admin-
istration. Treated mice develop melanomas, which recapitulate
key pathophysiological aspects of the human BRAF-activated and
PTEN null-driven melanoma, including lymph node and lung
metastasis, with 100% penetrance and short latency.24 We set up
matings with Sox2loxP/loxP mice to obtain experimental animals
Soxwt/wt; Ptenloxp/loxp; BRafV600E; Tyr::CreER (Sox2wt) and Sox2loxP/loxP;
PtenloxP/loxP; BRafV600E Tyr::CreER (Sox2del; see Figure 1a). Fifteen
adult (7–8 weeks) and five prepuberal (8–9 days post natum)
individuals per group were topically treated with 4-HT. We then
monitored the development and progression of melanoma in the
presence and absence of Sox2, by assessing hyper-pigmentation,
tumor occurrence and growth differences between the two
groups. Similarly to the control Sox2wt group, the Sox2del mice
showed melanocyte-specific expression of BrafV600E as revealed by
hyper-pigmentation at around 20 days following local adminis-
tration of 4-HT (Figure 1b). We found that adult mice both from
Sox2wt and Sox2del developed tumors around 45 days after 4-HT
treatment and mice required euthanasia 70–80 days following 4-
HT administration when the tumor mass reached 2 cm diameter
(Figure 1b). The timing of hyper-pigmentation and melanoma
occurrence was accelerated in prepuberal mice, and nevi
appeared at around 15 days after 4-HT treatment, while
melanoma nodules were visible at 40 days and required killing
at 50–60 days after 4-HT local treatment, however no differences
were found between Sox2wt and Sox2del mice (Figure 1d).
Deletion of Sox2 was confirmed by PCR analysis on genomic
DNA obtained from tumor lesions (Figure 1c), by western blot
analysis on tumor extracts (Figure 1e) and immunofluorescence
on primary lesions derived from 4-HT-treated Sox2del mice. We
found no gross histological differences between tumors expres-
sing Sox2 and those carrying the deleted alleles (Figure 1f). Lesions
from both genotypes showed variable pigmentation on the
surface of the melanoma, whereas in the deeper layers densely
packed amelanotic tumor cells were found. Within the affected
areas we observed melanoma aggregates with nerve sheath-like

Figure 1. Deletion of Sox2 in melanocytes does not affect melanoma development in BrafV600E; Pten− /−; Tyr::CreER mice. (a) Schematic
representation of the conditional knockout/knockin genotypes, in which both Sox225 and Pten alleles are flanked by loxP sequences and one
of the two BRaf allele contains an exon 15–18 cassette flanked by two loxP sites that precedes the mutated exon 15 (V600E).24,43 Tyr-Cre-Ert2
transgene drives the expression of Cre specifically in melanocytes.26 PtenloxP/loxP; BRafV600E; Tyr::Cre-Ert2 mice were obtained from Jackson
Laboratories (Bar Harbor, ME, USA). Arrows and numbers indicate PCR primers for detection of floxed alleles or Cre-mediated recombination
bands following local treatment with 4-HT (see c). All animal experiments were approved by the University of Rome Torvergata Ethics
Committee for Animal Experiments. (b) Representative picture of Sox2wt and Sox2del mice after 15–20 days (upper panels, red arrowheads
indicate hyper-pigmentation) and 70 days (lower panels, melanomas) from local 4-HT administration. 1.5 μl of a 4-HT solution (5 mM in
ethanol, Sigma-Aldrich, Milan, Italy) was applied with a paintbrush onto the dorsal skin of 7–8 week-old mice. No randomization and blinding
was used in animal experiments. (c) Cre-mediated recombination of Pten and Sox2 loci revealed by PCR amplification of deletion bands on
tumor or tail DNA using the indicated primers (for Pten primers, see Dankort et al.;43 Sox2 primer 4 for: 5′-CATTGGAGAGGTTCAGACTA-3′;
primer 5 for: 5′-CAGTCCAAGCTAGGCAGGTT-3′; primer 6 rev: 5′-AGGCTGAGTCGG-GTCAATTA-3′). DNA was extracted from tail and tumor
samples by standard procedures and subjected to PCR analysis using EmeraldAmp Max PCR Master Mix (Takara-Clontech, Saint-Germain-en-
Laye, FR). (d) Kaplan–Meier survival curves for Sox2wt and (n= 15+5) and Sox2del (n= 15+5) mice following local administration of 4-HT. Mice
from 10 different litters were analyzed. Survival curves were plotted using the Kaplan–Meier method and differences between groups were
evaluated using the log-rank test. No statistically significant differences were found between the two groups (P= 0.63 for adult mice and P= 1
for prepuberal mice). (e) Western blot analysis for Sox2 expression on melanoma extracts from different genotypes. #1: Sox2wt/loxP; #2, #3, #4,
#6 and #8: Sox2loxP/loxP, #5 and #7: Sox2+/+. (f) Hematoxylin-eosin (H&E) staining and (g) S100 immunofluorescence on tumors from Sox2wt and
Sox2del mice following local 4-HT administration. Paraffin sections (4 μm) were stained with H&E solution (Dako, Glostrup, Denmark) or
retrieved with citrate buffer solution and probed with rabbit anti-S100 antibodies (Z0311, Dako, 1:100) followed by incubation with
fluorescein-conjugated anti-rabbit antibodies (SC-2012, Santacruz, Heidelberg, Germany). The scale bars represent 300 μm (H&E) and 100 μm
(S100 immunofluorescence). Insets represent a × 10 magnification of the corresponding field. (h) Sox2 immunohistochemistry and (i) Sox2
immunofluorescence on tumors from Sox2wt and Sox2del mice following local 4-HT administration. (j) Ki-67 immunohistochemistry on Sox2wt
and Sox2del melanoma sections. (k) TUBB3 immunofluorescence on tumors from Sox2wt and Sox2del mice following local 4-HT administration.
The scale bars represent 100 μm. Insets represent × 3 magnification of the corresponding field. Immunohistochemistry was performed on
paraffin sections, retrieved in EDTA solution (Dako) and probed with rabbit anti-Ki-67 antibodies (sc-15402, SantaCruz, 1:100), with mouse or
anti-rabbit anti-Sox2 antibodies (AB56031:100, Millipore, Milan, Italy) or with mouse anti Tubulin beta3 antibodies (CBL270 EMD Millipore)
followed by avidin-biotin-peroxidase antibodies or by fluorescein-conjugated anti-rabbit antibodies. The percentage of Ki-67-labeled nuclei
was obtained by counting Ki-67-positive nuclei out of 1000 tumor cell nuclei within comparable section areas between the two genotypes at a
× 20 magnification (counts were obtained from three different experiments, data represent the mean± s.d.). Mayer hematoxylin (Dako) or
Hoechst 33349 (Sigma-Aldrich) were used as nuclear counterstains. Deconvolution and microscopy inspections were performed on a Leica
CTR6000 microscope.
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morphology (Figure 1g), similar to what has been described in
Pten/BRaf/βcatenin KO mice.27 These cells showed vesicular nuclei
containing small clumps of condensed chromatin and abundant
cytoplasm. The same features were found in the tumors obtained
in prepuberal mice (not shown). Tumors collected from treated

mice were further characterized by using the melanoma marker
S100. We found that lesions from both genotypes positively
stained for S100, while, as expected, only Sox2wt were positive for
Sox2 labeling (Figures 1g–i). Although melanomas showed similar
growth kinetics, as judged by tumor diameter, we also found that

Figure 2. Deletion of Sox2 in melanocytes does not affect melanoma lymph node and lung metastases. (a) H&E staining and (b) S100
immunostaining of lymph node sections from Sox2wt (upper panel) and Sox2del (bottom panel) mice following local 4-HT administration.
Scale bars represent 300 μm (H&E) and 100 μm (IF). Insets represent × 5 magnification of the corresponding field. (c) Quantification of
metastasis in lymph nodes of Sox2wt (left) and Sox2del mice. To quantify the number of melanoma cells infiltrating the lymph nodes, each
other section (four sections) from three different lymph node sections were S100 immunostained. S100-positive cells within lymph node
sections with comparable areas between the two genotypes were counted at a × 20 magnification (n= 351, Sox2wt; n= 402, Sox2del). The data
represent the mean± s.d. of cell numbers/sectioned area (n= 3 mice, P= 0.14, unpaired t test, Prism 5 (Graphpad) software).
(d) Stereomicroscopic inspection of affected lung (scale bar= 500 μm). Black lines point to peripheral metastases that were histologically
analyzed by H&E. Scale bars represent 100 μm. Insets represent a × 5 magnification of the corresponding field. (e) Quantification of lung
metastases was performed by counting the number of nodular lesions within the surface of the lungs. Nodules were amelanotic.
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the percentage of Ki67-positive cells was not different between
the two genotypes (32 ± 2% in Sox2wt vs 34 ± 4% in Sox2del,
P= 0.65, unpaired t-test) indicating that Sox2 is not essential for
melanoma proliferation (Figure 1j). Human skin melanocytes and
most primary malignant melanomas are TUBULIN-βIII (TUBB3)
positive,28 and loss of TUBB3 protein correlates with chemo-
sensitivity to microtubule-interfering drugs in malignant mela-
noma cells. We found that also mouse melanoma cells express

high levels of Tubb3, however its expression was not regulated by
Sox2 deletion (Figure 1k).
We then examined the possible role of Sox2 expression to

regulate the ability of melanoma cancer cells to metastasize to
lymph nodes and lungs. We found that inguinal lymph nodes
adjacent to the primary lesions were always affected by melanoma
metastasis either in Sox2wt or in Sox2del mice (Figures 2a and b). By
immunofluorescence analysis for the melanoma marker S100, we

Figure 3. SOX2 expression in human melanoma does not correlate with tumor aggressiveness and patient survival. (a–b) Box plots represent
relative SOX2 mRNA expression levels in malignant melanoma (n= 45) and benign melanocytic lesions (n= 18) (Talantov data set; GSE3189)
and in primary (n= 42) and metastatic melanoma (n= 40) (Riker data set; GSE7553). Bars represent ± s.d. Data processing was performed using
BioConductor packages (http://www.bioconductor.org/) in the R Computing Environment version 3.0.2 (http://www.r-project.org/). A value of
Po0.05 was considered statistically significant. (c) Kaplan–Meier survival curve of SOX2 expression in skin cutaneous melanoma
(TCGA_SKCM). Melanoma cancer patients with high (n= 45) and low (n= 53) Sox2 expression had a comparable 5-year survival (P= 0.532).
Survival curves were compared between groups using log-rank test. Statistical analyses were performed by ANOVA analysis using R project
tool. A value of Po0.05 was considered statistically significant.
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evaluated the amount of positive cells within the Sox2wt- or
Sox2del-affected lymph nodes (Figure 2b). We found that the
number of S100 infiltrating cells were similar between the two
genotypes, suggesting that Sox2 deletion does not affect the ability
to colonize the lymph nodes (Figure 2c). We found that both
genotypes were also affected by 1 or 2 lung macro-metastases
(Figures 2d and e) but we did not observe differences in number, as
evaluated at microscope inspection. Histology confirmed that the
lung lesions consisted of densely packed cells with a cord-like
architecture that completely disrupted the lung alveolar structure

(Figure 2c). Altogether these results demonstrate that Sox2 is not
required for melanomagenesis in BRafV600E Pten null29 mouse
models, nor for melanoma growth and metastasis.

Sox2 expression is not differentially expressed during human
melanoma onset and metastasis
Next, we wondered if a relationship existed between SOX2 mRNA
levels and melanoma disease. To answer this, we conducted a
meta-analysis in a public melanoma cancer data set derived from
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gene expression microarray analysis on clinical samples
(Figure 3a). We did not observe a significant correlation of SOX2
expression with malignant melanoma or benign melanocytic
lesions (P= 0.568). Interestingly, SOX2 expression did not change
between primary tumors and metastatic melanoma tissues
(P= 0.732; Figure 3b). To evaluate the prognostic value of SOX2
expression in melanoma patients, 5-year overall survival rate was
analyzed through the Kaplan–Meier plot in a TCGA data set
(Figure 3c). The analysis revealed that SOX2 mRNA levels did not
affect the survival of patients (P= 0.532), supporting the previous
evidences that its high or low expression was not associated with
melanoma cancer.29,30 Although SOX2 mRNA levels may not
completely reflect protein expression levels, these results suggest
that SOX2 expression does not correlate with melanoma onset,
growth and metastatic ability and it cannot be considered a
prognostic factor.

Sensitivity and acquisition of resistance to BRAFi of human and
mouse melanoma cell lines do not depend upon SOX2 expression
We next investigated if Sox2wt and Sox2del melanoma cells could
differentially respond to BRAFi treatments. To this end, we
established melanoma cell lines from the two Sox2 genotypes
and confirmed that they were melanoma cells by S100 and
p75NGFR immunostaining and by PCR for Pten deletion and Sox2
wt/deletion bands (Figures 4a and b). The response of melanoma
cells to the BRAFi vemurafenib was evaluated using the 50%
inhibitory concentration (IC50) assay calculated after 5 days of
culture by 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphe-
nyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt (Figure 4c). We
found a clustering of IC50 values at 500 nM for the all the cell lines
regardless they were Sox2wt or Sox2del and most cell lines were
completely halted at 3 μM vemurafenib. It has been reported that
mitogen-activated protein kinase inhibition does not influence
SOX2 levels in human lung stem cells,31 however by western blot
analysis, we found that Sox2wt cells treated with 500 nM
vemurafenib, downregulated Sox2 and Erk phosphorylation
(Figure 4d), similarly to what has been shown in colon cancer.32

This effect suggests that Sox2 expression can be induced by the
BRaf-activated pathway in BRafV600E-mutated melanocytes, how-
ever it is dispensable for melanocyte transformation. When we
compared the ability to develop vemurafenib resistance, we found
that Sox2wt and Sox2del cells behaved similarly when cultured in
the presence of 3 μM vemurafenib concentration in long-term
cultures (not shown), further supporting the lack of a role of Sox2
in the acquisition of BRAFi resistance. We also investigated if any

differences in the acquisition of resistance to BRAFi treatments
could be evaluated in SOX2 expressing and non-expressing
human melanoma cell lines. We first assessed SOX2 expression
in cell lines that were previously identified as vemurafenib- or
dabrafenib-sensitive according to their IC50 (G Graziani personal
communication and;33,34 Figure 4e). We then set up long-term
cultures of SOX2-expressing or SOX2-negative cells in the
presence of 3 μM vemurafenib or 1.5 μM dabrafenib. As shown in
Figure 4f, we found that both SOX2-positive and SOX2-negative
cells reached vemurafenib or dabrafenib resistance independently
from SOX2 expression. Notably, we found that only in one out of
four SOX2 non-expressing cell lines, SOX2 levels were upregu-
lated, while in one cell line expressing low SOX2 levels
vemurafenib almost completely abolished SOX2 expression.
Altogether, these results show that SOX2 expression is dispen-
sable either for sensitivity or for the acquisition of resistance to
BRAFi treatments. Since acquisition of BRAFi resistance correlates
with an increase of invasiveness of melanoma cells,35 our results
further support the evidence that SOX2 expression does not
correlate to an invasive phenotype.
SOX2 deregulation has been involved in the oncogenetic

process of several cancer types, mainly due to its association with
cancer stem cells.36 The tumor origin and cellular context,
however, have been shown to control the outcome of SOX2
activation, probably reflecting its role during development. In the
majority of cases, SOX2 can induce aberrant cell growth and
tumorigenesis, while genetic inactivation can revert self-renewal
and tumor growth. Controversial is its role in gastric cancer, being
correlated to decreased cancer aggressiveness and better patient
outcome by one group15 or involved in increased metastasis and
chemo-resistance by other authors.37,38

Our results do not support an essential role of SOX2 in the
process of melanomagenesis, nor in melanoma growth, metas-
tasis, patient outcome and in vitro chemo-sensitivity to BRAFi
therapy. Our evidences are based on several data: first, this paper
and the accompanying paper by Schaefer et al.39 present two
independent mouse models in which Sox2 deletion in melano-
cytes undergoing cell transformation does not prevent melanoma
growth and metastasis. Second, analysis on publicly available
databases did not reveal any significant differences of SOX2 mRNA
levels in benign melanocytic lesions, such as nevi, primary and
metastatic melanomas, and showed that its expression is not a
prognostic factor for patient survival. Finally, we do not find
differences in the response to BRAFi treatments of Sox2wt and
Sox2del cells in vitro. While expression of Sox superfamily
members can overlap during development40,41 they do not

Figure 4. Sox2 deletion does not affect melanoma sensitivity and is not correlated to resistance acquisition to BRAFi treatments. (a) S100 and
p75 (rabbit anti-p75 AB8874, Abcam, Cambridge, UK) immunofluorescence on melanoma cell lines and (b) PCR genotypes to detect the
deletion band corresponding to the fragment generated from the deleted Sox2 locus, from the floxed or wt alleles. (c) IC50 curve on Sox2wt or
Sox2del mouse melanoma cell lines. Cells were incubated in the presence or absence of increasing concentration of vemurafenib
(μM Genentech, San Francisco, CA, USA) dissolved at 10 mM concentration in dimethylsulphoxide and diluted at the corresponding
concentrations in culture medium. Cells were cultured in Dulbecco Modified Eagle Medium 10% fetal bovine serum (Lonza, Milan, Italy),
seeded in 96 multi-wells (Falcon, Milan, Italy) and incubated for 120 h before performing 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethox-
yphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt assay (Promega, Rome, Italy). Experiments were performed in triplicate and repeated
three times. Bars represent +s.d. Statistical analysis was done by Kruskal–Wallis test (P= 0.97; Prism5 software). (d) Sox2, pErks and Erk2
expression by western blot analysis in Sox2wt and Sox2del cell lines after 72 h of incubation with 0.5 μM vemurafenib. Blots are representative
of four independent experiments. (e) SOX2 expression by western blot analysis on human melanoma cell lines. (f) SOX2 expression by western
blot analysis on human melanoma cell lines sensitive or resistant to BRAFi treatment. Blots are representative of three independent
experiments. The human cell lines used in this work have been described in Graziani et al.,33 Lacal et al.34 M14 cell line was a generous
gift from Dr G Zupi (Regina Elena Cancer Institute, Rome, Italy); 13443-Mel cell line was a generous gift from Dr G Parmiani (Istituto Nazionale
Tumori, Milan, Italy); WM1158, SK-Mel28, WM793 and A375 cell lines were purchased from the American Type Culture Collection (Manassas,
VA, USA). Cells were authenticated (Genetica DNA Lab. Inc., Cincinnati, OH, USA) and routinely tested for mycoplasma contamination. Cell
were cultured in RPMI 10% fetal bovine serum (Lonza). The acquisition of BRAFi resistance was generated in our laboratories by exposing the
parental cell line to increasing concentrations of vemurafenib or dabrafenib for 3 months. Cells were treated with 3 μM vemurafenib as for
mouse cells or with 1.5 μM dabrafenib (GSK2118436A, dissolved at 1.92 mM in dimethylsulphoxide). In all the experiments, the variation within
each experimental group was estimated to ensure that the variance was similar for groups that were being statistically compared.
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substitute Sox2 loss of functions, it is possible that expression of at
least one of these members, such as Sox10, can support
melanoma development42 in the absence of Sox2 during the
process of melanomagenesis. This hypothesis, however, excludes
that Sox2 plays an essential role in melanocyte transformation and
melanoma growth.
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